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Abstract

The maize-infecting nucleorhabdovirdsgize mosaic virus (MMV), was sequenced to near completion using the random shotgun approach.
Sequences of 102 clones from a cDNA library constructed from randomly-primed viral RNA were compiled into a 12,133 nucleotide (nt) contig
containing six open reading frames. The contig consisted of 97 sequences averaging 660 bp in length. The average sequence coverage wa
six-fold, and 93% of the contig had sequence reads covering both strands. The remaining sequence was derived from single (5%) or multiple
(2%) reads on the same strand. Three of the six ORFs showed significant similarities to the deduced protein sequences of the nucleocapsid
glycoprotein and polymerase sequences of other rhabdoviruses. The predicted gene order of the MMV gentnvePaBa/-G-L-5'.

Shotgun sequencing of the MMV genome took approximately 127 h and cost $ 0.38 per nt (including labor), whereas the primer walking
approach for sequencing the 13,782-nt MFSV genome [Tsai, C.-W., Redinbaugh, M.G., Willie, K.J., Reed, S., Goodin, M., Hogenhout, S.
A., 2005. Complete genome gequence and in planta subcellular localization of maize fine streak virus proteins. J. Virol. 79, 5304-5314]
took about 217 h and cost $ 0.50 per nt. Thus, the shotgun approach gave good depth of coverage for the viral genome sequence while being
significantly faster and less expensive than the primer walking method. This technique will facilitate the sequencing of multiple rhabdovirus
genomes.

© 2005 Elsevier B.V. All rights reserved.

1. Introduction of the Rhabdoviridae are listed in the Universal Database
of the International Committee of Taxonomy of Viruses
Rhabdoviruses are economically important pathogens (ICTVdb; www.nchi.nim.nih.gov/ICTVdb/index.htn
that infect animals, humans, and planto@enhout et al., and 88 possible plant rhabdoviruses are listed in the
2003. The family Rhabdoviridae is comprised of six  Virus Identification Data Exchange (VIDE) database
genera:Lyssavirus (contains Rabies virus); Vesiculovirus (www.image.fs.uidaho.edu/vijléAt this time, only six plant
(Vesicular stomatitis Indiana virus); Ephemerovirus (Bovine rhabdovirus genomes have been partially or completely
ephemeral fever virus); Novirhabdovirus (Infectious sequenced. The lack of virus genome sequences has slowed
hematopoietic necrosis virus); Cytorhabdovirus (Lettuce the development of modern detection techniques and
necrotic yellows virus); and Nucleorhabdovirus (Sonchus research on plant rhabdoviruses.
vellow net virus). Currently, 15 plant-infecting members Current methods of genome sequencing of viruses, such

as primer walking analysis of large cDNA clones, can be
T correspondi thor. Tel: +1 330 263 3730: fax: +1 330 263 3686 time consuming and hence costly in comparison to the more
* A S+ : T+ . . .
orresponing author. te - ax rapid shotgun sequencing methods that are currently used
E-mail address: hogenhout.1@osu.edu (S.A. Hogenhout). . .
1 Present address: University of Missouri, Life Science Center, Rm 414, t_o sequence bacterial and eUkaryo'UC genomes to comple-
1201 Rollins St., Columbia, MO 65211, USA. tion. The random shotgun sequencing method involves the
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cloning and sequencing 6£1000 bp genomic DNA frag-
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cles were collected by centrifugation at 104,809 for 3 h at

ments, and subsequent assembly of sequences into contigd°C. The pellet was resuspended in 20®BS (0.1 MNaCl,

based on sequence overlagsiser et al., 2008 Originally,
Fleischmann et al. (1995gquencetlaemophilus influenzae

2.0mM KCI, 10 mM NaHPOy, 1.3 mM KHyPOy, pH 7.4).
RNA was isolated from the MMV virion preparations

at 48 cents/bp using the shotgun method, but technologicalusing the ToTALLY RNA isolation kit (Ambion, Austin,
advances have lowered costs to 3—4 cents/bp for 99% of theTX) and concentrations were measured using the RiboGreen
genome sequence and 8-9 cents/bp for the complete genomBNA Quantitation Assay (Molecular Probes Inc., Eugene,

(Fraser et al., 2002

OR) according to manufacturers’ directions. Prior to library

Here, we outline a procedure for the shotgun sequencingconstruction, the RNA was brought to Qud/ml glycogen

of the genome oMaize mosaic virus (MMV), a negative-
sense RNA virus of the familRhabdoviridae. MMV is a
maize-infecting virus that is found in Central America, the

(Invitrogen, Carlsbad, CA) and precipitated using sodium
acetate and ethanol.

Caribbean, India, Mauritius, Tanzania, and the United States2.2. ¢DNA library construction

(Jackson et al., 1981lt is transmitted in a persistent prop-
agative manner by the planthoppregrinus maidis (Falk
and Tsai, 1985; Ammar and Nault, 2002MMV was

The SuperScript Choice System for cDNA Synthesis
(Invitrogen Corp.) was used to construct a cDNA library

classified as a nucleorhabdovirus because virions showfrom viral RNA following the manufacturer’s instructions.
the classic bullet-shape of rhabdoviruses and electronBriefly, first strand cDNA was prepared from 4ug total

micrographs indicate that MMV viral particles bud
through the perinuclear membrandgDaniel et al., 1985;
Ammar and Nault, 1985; Ammar, 19R4Three structural
proteins were apparent after separation of MMV virion pro-
teins by SDS-PAGE similarly to other members of the family
Rhabdoviridae (Falk and Tsai, 1983 Results of this study

RNA by random priming with 125ng random hexamers.
After second strand cDNA synthesis, the double-stranded
cDNA was ligated to 1Q.g of EcoRI adapters, separated
by column chromatography, and cloned into fi@R1 site

of calf intestinal phosphatase-treated pGEM4Z (Promega
Corp., Madison, WI). Ligations were introduced into Top Ten

showed that shotgun sequencing of a rhabdoviral genome isOne Shot FChemically Competert. coli cells (Invitrogen
not only possible but is also an affordable and quick method Corp.). Colonies were grown in 5 ml of Luria-Bertani Broth

relative to the more traditional primer walking method.

2. Materials and methods

2.1. MMV and RNA Isolation

MMV was maintained on maize seedlings by serial inoc-

ulations using viruliferou®. maidis as previously described
(Falk and Tsai, 1985 Leaf laminar tissue (60g) was col-

containing 5Qug/ml ampicillin (Sigma, St Louis, MO). Plas-
mids were isolated using the QIA Miniprep Spin Kit (Qiagen,
Valencia, CA), and digested wifftoR1 andHindlll to deter-
mine insert presence and size. DNA concentrations were
measured by PicoGreen dsDNA Quantitation Assay (Molec-
ular Probes, Inc.), according to the manufacturer’s directions.

2.3. Sequencing and sequence analysis

To initially evaluate library quality, ten colonies were

lected from symptomatic maize plants approximately six selected to determine insert presence, and eight of these
weeks post inoculation and immediately homogenized in clones were sequenced from both directions. Subsequently,

3vol. of extraction buffer containing 0.1 M sodium phos-
phate, pH 7.2 and 10% sucrosskaf and Carroll, 1995;
Creamer, 1992 The homogenate was filtered through

plasmids from an additional 100 clones were digested to
determine the average insert size in the library. Of these,
94 plasmid inserts were sequenced from both directions.

cheesecloth and miracloth then 5% (w/v) activated charcoal Sequencing was performed at the Plant-Microbe Genomics

was added. After stirring for 20 min and repeating the filtra-
tion step, the homogenate was centrifuged at 33@Cfor

Facility at The Ohio State University (Columbus, Ohio)
using an ABI 3700 DNA Sequence Analyzer and Big Dye

10min at #C. The resulting supernatant was centrifuged Terminator Cycle Sequencing chemistry (Applied Biosys-

at 27,500x g for 30 min at £C. The resulting pellet was

tems Inc., Foster City, CA). Sequence quality scores were

resuspended in 0.1vol. extraction buffer, filtered through obtained using McPhred/McPhrap (CodonCorp Corp., Ded-
polyester fiber (Fairfield Corp., Danbury, CT), layered onto ham, MA). Removal of low quality and vector sequence,
25% (w/v) sucrose in 0.1 M sodium phosphate, pH 7.2, and and contig assembly were conducted with Sequencher (Gene

centrifuged at 99,408 g for 30 min at #C. The pellet was

Codes Corp., Ann Arbor, MI). At the’®nd, sequences were

resuspended in 6 ml 0.1 M sodium phosphate, pH 7.2, layeredtrimmed until the first 15 bases contained less than three bases

onto 10-40% (w/v) sucrose gradients in 0.1 M sodium phos-

phate, pH 7.2NicDaniel et al., 198p and then centrifuged at
112,700x g for 25 min at £C. The virus-containing milky

with confidence levels less than 20. At tHeeBd, sequences
were trimmed until the last 15 bases contained less than three
bases with confidence levels less than 20. The average length

band was extracted from the sucrose gradient, and dilutedwas calculated for good quality reads of greater than 100 bp.

to 200 ml with 0.1 M sodium phosphate, pH 7.2. Virus parti-

Subsequently these reads were assembled into contigs using



S.E. Reed et al. / Journal of Virological Methods 129 (2005) 91-96 93

Table 1

Results of shotgun library construction, sequencing and assembly
Number of clones in the MMV cDNA library 9065
Average insert size (bp) 1500+ 780
Number of inserts sequenced from both directions 102
Number of good quality sequence reads 163
Number of failed reactions 41
Average good quality sequence read length (bp) #0984
Total number of contigs 4
Sequence reads assembled into the MMV contig 97
Sequence reads that assembled into other contigs 62
Sequence reads that did not assemble into contigs 5
MMV contig length after assembly (bp) 12,133
MMV genome depth of coverage Six-fold

(S.D.=180bp). A BlastX analysis of this contig against the
nr protein database of GenBank revealed significant similar-
ity to the polymerase (L) protein of the plant rhabdoviruses:
Rice yellow stunt virus (RYSV) (E-value: 0.00),Sonchus
yellow net virus (SYNV) (E-value: €1%8) and Northern
cereal mosaic virus (NCMV) (E-value: 129, indicating

that the contig represented the MMV genome sequence. This
12,133 nt sequence of the MMV genome had a six-fold aver-
age coverage, and both strands were sequenced for 93% of
the contig, while 5.0% of the sequence was derived from sin-
gle reads of one strand and 2.0% was derived from multiple
sequences on the same strand (data not shown).

a The average size of the insertwas calculated based on fragments released  FIV€ Singlet sequences remained after contig formation.

after digestion of plasmids witAcoRI andHindlll. Data presented are the
meant S.D.

BlastX analysis of the nucleotide sequences against Gen-
Bank nr database revealed that three singlets (635, 669 and

732 bp) were most similar to a ferritin like proteif-falue:
the Dirty Data algorithm with a minimum match of 85% and 8e~99), anE. coli hypothetical proteing-value: 9¢3%), and
a minimum overlap of twenty. The average length of good the L protein of MMV (E-value: 2e 8), respectively, while
quality reads that assembled into contigs was calculated.  the remaining two singlets had no significant similarities to

Open reading frame (ORF) analysis was performed using the database. BlastX searches on three other smaller contigs

both MacVector 6.5.3 (Oxford Molecular Group, 1999) and (1587, 1,700, and 2968 bp) indicated a high level similar-
the ORF Finder database at the NCBI website. The six ORFsity with an rRNA intron encoding an endonucleasesfza
identified in the MMV genome were compared, using BlastX, sativa (E-value: 3e24), MMV L protein (E-value: 0.0), and
to the non-redundant (nr) protein database of GenBank. Thecytochrome P450 monooxygenase &z mays (E-value:
MMV genome sequence was submitted to GenBank undere—13%, respectively. These three contigs were assembled
accession number AY618418. from 62 sequences (37%) of the 163 sequences of more
than 100 bp in length. Thus, one singlet and one small con-
tig contained fragments of the MMV genome sequence. To
investigate why these two were not assembled into the larger
contig, these sequences were examined further and revealed
that the singlet was derived from a chimeric insert composed
of a segment of the MMV genome and a plant gene, and the
contig sequence was most likely derived from a misassembly
as it was missing a fragment corresponding to nucleotides
11,171 to 11,600 of the 12,133 bp contig.

3. Results and discussion

3.1. ¢cDNA library construction and analysis of
sequences

MMV virions from three independent isolations totaling
2.4 mg protein were combined for RNA isolation generating
11 g of total RNA. Of this, 4.4.g were used for randomly
primed cDNA library construction. The cDNA library
yielded 9065 clones with an average insert size of 1500

(standard deviation (S.D.)=780bp) based EwR1 and Six ORFs located on the antigenomic strand were iden-
Hindlll digestions of 100 plasmidJéble J). Initially, inserts tified in the 12,133 bp MMV contigRig. 1) and showed a

of eight plasmids were sequenced from both directions using genome organization similar to those of other rhabdoviruses
SP6 and T7 primers, and of these, six insert sequences hagtaple 3. The ORF sequences were compared with the Gen-
similarities to genome sequences from other rhabdoviruses.gank nr protein database using BlastX. The sequence of the

Subsequently, 94 more clones from the MMV cDNA library - |argest ORF (ORF6), located at the most distal portion of
were sequenced from the forward (SP6 primer) and reverse

(T7 primer) directions. . — T .

After removal of low quality sequence and vector Length (nt) 1,344 810 861708 1,776 5,769
sequences, 163 of the 204 sequences (80%) contained read”redicted MW (kDa) 60 36 38 31 80 259 )
of more than 100bp, and were used for further analysis D) ) ) ) —- 5
(Table 3. Thus, only 20% of the sequence reads were below 1k 2k 3k 4k Bk 6k Tk 8k Sk 10k 11k 12k
100 bp after trimming the vector sequences. The average
length of a read was 704 (S.D. =194 bp).

3.2. Annotation of the MMV genome sequence

Fig. 1. Schematic representation of the genome organizatioWadfe

Assembly of the insert sequences of more than 100 bp mosaic virus. Figure details were derived from MacVector using the
sequences assembled with Sequencher. Abbreviations: N, nucleocaspid pro-

r_esultfed in four contigs made u_p of 158 Sequences_ andtein; P, phosphoprotein; 3, deduced protein of open reading frame 3; M,
five singletons. The |arge_3t contig of 12,133 bp consisted matrix protein; G, glycoprotein; and L, polymerase protein: nt, nucleotides:
of 97 sequence reads with an average length of 660 bpMw, molecular weight.
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Table 2 3'le/1 3' AUUGUUUUU GGG UUG 5'
Comparison of the genome organizations of the livestock pathogen VSIV, 1/2 3' AUUCUUUUU GGG UUG 5'
and the plant infecting nucleorhabdoviruses and cytorhabdoviruses 2/3 3' AUUCUUUUU GGG UUG 5°

Virus Gene order 3/4 3' AUUCUUUUU GGG UUG 5'

VSIvV 33 N P M G L 5 4/5 3' AUUCUUUUU GGG UUG 5

Nucleorhabdovirus 5/6 3' AUUCUUUUU GGG UUA 5°
MMV 3T NP3 MG L3 6/5'tr 3' AUUCUUUUU GGG AGU 5'
MFSV 3 N P 3 4 M G L Y
SYNV. 3 N P sc4 M G L 5 (A) 1 2 3
RYSV 3 N P 3 M G 6 L %

Cytorhabdovirus MMV 3' AUUCUUUUU GGG uuG 5
LNYV 3: N P 4b M G L ? RYSV 3' AUUAUUUUU GGG UUG 5°'
NCMV & N P 3 4 5 6 M G L s MFSV ~ 3' UUUAUUUU- GUAG UUG 5°'

Abbreviations: VSIV, Vesicular stomatitigzdiana virus; MMV, Maize SYNV 3' AUUCUUUUU GG UUG 5°'

mosaic virus; MESV, maize fine streak virus; SYNV, Sonchus yellow net NCMV 3' AUUCUUUUU GACU CUA 5°'

virus; RYSV, Rice yellow stunt virus; LYNV, Lettuce necrotic yellows virus;,

and NCMV, Northern cereal mosaic virus. LNYV 3' AUUCUUUU- G(N)j CUU 5°'
VSIV  3' ACUUUUUUU GU  UUG 5

the genome, was most similar to the L protein of RYSV RABV 3' ACUUUUUUU  G(N)p UUG 5

and SYNV E-values: 0.0), and ORF5 was most similar to (B) 1 2 3

the glycoproteins (G) of RYSVA-value: 2622) and SYNV

(E value: 0.072). ORPA was most similar to the nucleacap- £ 3, & 200e e e Son e e, The three motfsareind:-
sid prote_lns (N) of RYSV E-Value:35e_48) and maize fine gated and (co)rrespoild to theethd of the mgNAs (1), intergenic sequences
streak virus (MFSV) E-value: 3e O) The deduced pro- (2), and the 5end of the mRNAs (3). (B) Consensus sequences of gene
tein sequences of the remaining three ORFs were not closelyunctions of plant and animal rhabdoviruses. All sequences are presented
related to any proteins in GenBank. However, based on genein genomic sense in the & 5 orientation, and nucleoctide differences are
order in other rhabdoviruses and ORF siedinbaugh and underlined.A_bbreviations.’:&a, 3 leader sequence’ 6,5 tr_ailer_sequence;
Hogenhout, 2005 ORF2 likely encodes the phosphoprotein (N)n, nucleotide type and number may vary. RABYV, rabies virus.

(P) and ORF4 possibly encodes the matrix protein (M). Thus,

the most likely gene order of the MMV genome wWésP, 3, gesting arole of this protein ininsect transmission. Insect spe-
M, G andL (Fig. 1). Nucleotide lengths of these MMV ORFs cific expression of other plant rhabdovirus sequences remains
were 1344 nt for N, 810 nt for the tentative P, 861 nt for ORF to be tested.

3, 708 nt for the tentative M, 1776 nt for G, and 5769 nt for Clones corresponding to théahd 3 termini of the MMV

L. The calculated molecular weights of the proteins based genome were not sequenced with the shotgun approach. By

on the deduced protein sequences would66 kDa for N, comparisonto other nucleorhabdoviruses (RYSV, SYNV, and
~36 kDa for P~38 kDa for the ORF3 proteiny31 kDa for MFSV), it is likely that the MMV genome sequence lacks
M, ~80 kDa for G, and~259 kDa for L. 20-80nt of the leader sequence at then8 and 30-100 nt
The basic gene order of a rhabdovirus genomélessgier, of trailer sequence at thé &nd. The inefficiency of cloning
N,P,M, G, L,andthe 5trailer (Hogenhoutetal., 20Q3Thus, the genomic termini may not be surprising as other plant
MMV had an additional gen&)RF3, located between the rhabdoviruses have potentially stable secondary structures at

andM genes. The genome structure of MMV most closely the 5 and 3 ends of the genomic RNAGhoi et al., 1994;
matched those of SYNV ankkttuce necrotic yellows virus Wetzel et al., 1994; Tanno et al., 2000; Tsai et al., 200&
(LNYV), which also have an additional ORF between the will determine the terminal sequences of MMV by RACE
P andM genes (able 2. In SYNV, this additional gene is  (Tsai et al., 200b

known assc4, which is involved in cell-to-cell movement in The gene junction sequences between rhabdovirus ORFs
plants Scholthof et al., 1994 and this may also be the role contain a conserved region that correspond to the polyadeny-
of the ORF3 protein product of MMV. lation signature at the end of a gene sequence, the intergenic

Interestingly, the genome organization of MMV was dif- region and the transcriptional start site of the next gene.
ferent from those of two other cereal-infecting nucleorhab- For MMV, the conserved gene junction sequence was 3
doviruses, MFSV and RYSWVIgble 3. MFSV containedtwo ~ AUUCUUUUUGGGUUG-5 (Fig. 2A), and was similar to
extra genes; and4, which were expressed in MFSV-infected those of animal and other plant rhabdovirusegy( 2B).
plants {Tsai et al., 200k The RYSV genome sequence also Among rhabdoviruses, the polyadenylation signatures con-

contained an additional ORF, gefigbetween the® andM sist of 8—9 nucleotides of ({)nterspersed with an occasional
genes, and in addition had a second additional ORF, geneA oraC, the intergenic regions are most variable in length and
6, located between thé andL genes Huang et al., 2003 sequence but usually contain one or more Gs, and the tran-

The RYSV P6 is a phosphorylated structural protein that is scription start sites contain the three consensus nucleotides,
expressedininsects, butnotin plariisiang etal., 2003%ug- UUG, except for the two cytorhabdoviruses (NCMV and
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Time comparison of the shotgun and primer walking sequencing procedures

95

Shotgun (MMV}

Primer walking (MFSV§°

Virus isolation 24 24
cDNA library construction 25 255
First round of colony picking and library quality analysis 57 75
First round of sequence analysis 4 20
Colony picking and plasmid isolation for the 96-well plates 46 NA
Sequence and assembly of sequences from 96-well plates 20 NA
Design of primers for five rounds of primer walking steps NA 25
Cloning of PCR products NA 15
Sequence analysis and assembly of sequences of a total of 12 cDNA clones NA 100
and 4 PCR products in the five primer walking steps
Total hours 127 217

@ Time is indicated in hours.
b The MFSV genome sequence is describefisai et al., 2005NA, not applicable.

LNYYV), which have CUA and CUU transcription start sites and primer walking methods. The supplies costs for MFSV
(Fig. 2B). As expected, the MMV gene junction sequence also included $ 350 for primers and $50 for PCR cloning

was most similar to those of RYSV and SYNWig. 2B). materials. Sequencing costs included costs for 204 reactions
and was higher for the MFSV genome, because the price for
3.3. Time and cost analysis of the shotgun and primer individual sequence reaction is $10/reaction as opposed to

$8/reaction for a 96 well plate. The total cost to sequence the
12,133-nt MMV and 13,782-nt MFSV genomes was $0.38

To determine the effectiveness of the shotgun sequencingand 0.51, respectivelyrable 4.
of a viral genome, the time and cost of the shotgun sequenc- [N summary, in this manuscript we show that shotgun
ing procedure of the MMV genome was compared to that of sequencing of a rhabdovirus genome is possible while being
the slightly larger MFSV genoméTébles 3 and ¥ which an affordable and quick method in comparison to the tradi-
was recently sequenced using the traditional primer walk- tional primer walking method and, in addition, gives a good
ing method Tsai et al., 2005 Shotgun sequencing of the depth of genome coverage. The shotgun sequencing allowed
MMV genome took a total of 127 h, whereas primer-walking for quickand almost complete coverage of the MMV genome
sequencing of the MFSV genome took 217Talfle 3. For although MMV is difficult to purify and MMV preparations
cost analysis, personnel costs were calculated at $15.86/Mad significant plant contamination. At this time, only six
including employee benefits as 30% of salary. Supply costs Of the ~90 plant rhabdovirus genomes have been partially
were derived from a lab supply budget of $10,000 per 260- or completely sequenced. The shotgun sequencing technique
day (2080 h) work year multiplied by work hours, and did not may facilitate the sequencing of more rhabdovirus genomes.
include Computer programs or |arge equipment used in theThiS genome sequenceinformation will lead to a better under-
project since none were purchased for this purpose. Furtherstanding of rhabdovirus evolution and factors that determine
costs of the cDNA library kit, the plasmid vector, and the the host range of these viruses. This is important, because
competent. coli cells were calculated separately under the despite their small genomes, rhabdoviruses are pathogens
item “cDNA library costs” that were the same for the shotgun Of humans, animals, insects and plart®genhout et al.,

walking sequencing procedures

Table 4
Cost comparison of the shotgun and primer walking sequencing procedures

Shotgun (MMV) Primer walking (MFSV)
Personnel cost, including 30% benefits ($15.86/h) ($) 2014 3442
Cost of supplies ($10,000 for 260 work days (2080 h per year) ($) 611 1043
Cost of cDNA library constructich($) 265 265
Cost of sequencirfy($) 1696 1670
50 Primers NA 350
PCR cloning materials NA 50
Total cost ($) 4586 6820
Sequencing cost per b&se 0.38 050

2 Includes the costs of one reaction of the cDNA library kit, the plasmid vector, and the competetitcells.

b The sequence costs for MMV includes 96 inserts sequenced from both directions (192 reactions) at $8/reaction for the 96 well plate and eight inserts

from both directions (16 reactions) at $10/reaction, and the sequence costs for MFSV includes 167 reactions (i.e. 132 good quality reads, ards36lunsuc
sequence reactions) at $10/reaction.
¢ Genome lengths excluding thédnd 3 ends were 12,133 nt for MMV (this study) and 13,782 nt for MFS¥4dj et al., 2005 NA, not applicable.
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2003. Further, arthropods, such as mosquitoes, flies and M.D., Utterback, T.R., Hanna, M.C., Nguyen, D.T., Saudek, D.M.,
plant-feeding insects, transmit many rhabdoviruses and may Brandon, R.C., Fine, L.D., Fritthman, J.L., Fuhrmann, J.L., Geogha-

initiate new outbreaks by introducing rhabdoviruses among ~ 96" N.S:M., Gnehm, C.L., McDonald, LA, Small, K.V., Fraser,
vertebrate and plant hosts C.M., Smith, H.O, Venter, J.C., 1995. Whole genome sequencing and

assembly ofHaemophilus influenzae. Science 269, 496-512.
Fraser, M.F., Eisen, J.A., Nelson, K.E., Paulsen, |.T., Salzberg, S.T., 2002.
The value of complete microbial genome sequencing (You get what
Acknowledgements you pay for). J. Bacteriol. 184, 6403—-6405.
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